Background: Spices and herbs have been used in food since ancient times to give taste and flavor and also as food preservatives and disease remedies. In Cameroon, the use of spices and other aromatic plants as food flavoring is an integral part of dietary behavior, but relatively little is known about their antifungal potential. The present work was designed to assess the antifungal properties of extracts from spices used in Cameroonian dietary.
Background
Nowadays, fungal diseases have emerged and are being increasingly recognized as important public health problems owing to an ever-expanding population of immunocompromised patients [1] . Fungal infections are usually associated with Candida, Aspergillus and Cryptococcus species but those due to Candida species represent the main opportunistic fungal infections worldwide, leading to high morbidity and mortality in the population [2] . These changes are linked to the growing population of immuno-compromised patients. During the last three decades, Candida albicans has been the most prevalent pathogen in systemic fungal infections [3] . Presently non albicans species of Candida account for more than 50% of fungal infections. The opportunistic yeast mostly reported are C. albicans, tropicalis, C. krusei, parapsilosis, C. kefyr, glabrata, C. dubliensis and C. rugosa and Cryptococcus neoformans [4] . Although the antifungal active principles are diverse and numerous, only few classes of antifungal agents are currently available to treat yeast infections due to the high toxicity of many of them [5] . The high morbidity and mortality rates associated with opportunistic yeast infections indicate that current antifungal therapy to combat candidiasis is still ineffective. Furthermore, Pierce and Lopez-Ribot (2013) reported that, the current arsenal of antifungal drugs is exceedingly short and no new antifungal drugs are expected to reach the market any time soon [6] . Therefore, the discovery of new antimicrobial agents is still relevant. Among the potential sources of new agents, plants have long been investigated because they contain many bioactive compounds that can be of interest in therapy. Because of their low toxicity, there is growing interest in using spices as a source of bioactive phytochemicals for their antimicrobial properties in preventing pathogenic diseases, in addition to their flavor and fragrance qualities [7] . Many studies have confirmed the role of spices in health maintenance and promotion; the major challenge is to provide scientific evidence. Therefore intense research have been carried out over the past decade, and scientific evidence is accumulating that spices do have medicinal properties that alleviate symptoms or prevent disease [8, 9] . Many studies have reported the in vitro activities of herbs and spices against several pathogen microorganisms. However, it has been shown that many exciting products found to be highly active on the level of the fungal cell (in vitro activity) were either excessively toxic or inactive when tested in vivo [10] . Therefore, it is essential that the potential effectiveness of the new therapy agent is also evaluated in animal models In Cameroon, the use of spices and other aromatic plants as food flavoring is an integral part of dietary behavior. To the best of our knowledge no study has investigated the effects of Cameroonian spices against eight yeast pathogens. Therefore, the present work was designed to assess the in vitro and in vivo antifungal properties of extracts from selected spices ethno-medicinally used in Cameroon.
Methods

Ethics statement
Animal experiments were performed in this study according to the guidelines set for the care and use of laboratory animals and with the rules formulated under the Animal Welfare Act by the United States Department of Agriculture (USDA) and by adopting ARRIVE guidelines [11] .
Plant materials and extraction
The 21 spices investigated in this work were purchased from Dschang local market, West Region of Cameroon in March 2012 (Table 1) . They were identified at the Cameroonian National Herbarium where voucher specimens were deposited under the reference number quoted in Table 1 . The powdered air-dried sample from each plant was separately extracted with a mixture of methanol-dichloromethane (3:1 V/V) for 48 h at room temperature. The extract was then concentrated under reduced pressure to give the crude extract. All extracts were kept at 4°C until further use.
Fungal strains and culture media
The microorganisms used in this study were Candida albicans ATCC 9002, C. parapsilosis ATCC 22019, C. tropicalis ATCC 750, C. krusei ATCC 6258, C. lusitaniae ATCC 200950, (American Type Culture Collection), Cryptococcus neoformans IP95026 (Institut Pasteur France) and two clinical isolates namely C. guilliermondii and C. glabrata (Centre Pasteur Yaounde-Cameroon). Sabouraud dextrose agar (SDA) (Liofilchem Laboratories) was used for the maintenance and culture of fungal strains while Sabouraud dextrose broth (SDB) was used for the determination of the minimum inhibitory concentrations (MICs) and the minimum fungicidal concentrations (MFCs).
Antifungal assay MIC and MFC determination
The MICs were determined using the rapid 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride (INT) colorimetric assay [28] . Briefly, extracts were first emulsified in DMSO/SDB (50:50 V/V). The solution obtained was then added to SDB, and serially diluted twofold making each well to have a volume of 100 μL (in a 96-wells microplate). One hundred microlitres (100 μL) of inoculum (2.4 × 10 4 cfu/mL) prepared in SDB was then added. Wells containing SDB, 100 μL of inoculum and DMSO at a final concentration of 2.5% served as negative control. Nystatin was used as reference antifungal drugs. The plate was covered with a sterile plate sealer, then agitated to mix the contents of the wells using a shaker and incubated at 37°C for 24 h. The final concentration of DMSO was 2.5% and did not affect the microbial growth. The MICs of samples were detected after 24 h (48 h for C. neoformans) incubation at 37°C, following addition of 40 μL of a 0.2 mg/mL INT solution and further incubation at 37°C for 30 minutes. Viable yeast microorganisms reduce the yellow INT dye to pink. MIC was defined as the lowest sample concentration that exhibited complete inhibition of microbial growth and hence prevented this color change. The MFC was determined by adding 50 μL of the suspensions from the wells, which did not show any growth after incubation during MIC assays, to 150 μL of fresh broth. These suspensions were re-incubated at 37°C for 48 h (72 h for C. neoformans). The MFC was determined as the lowest concentration of extract which completely inhibited the growth of yeast.
Effect of O. subscorpioidea extract on disseminated candidiasis in rats
The in vivo antifungal assay was performed as described by Richardson et al., [12] and Kretschmar et al., [13] with slight modifications [29, 30] .
Experimental animals: Pathogen-free female albino Wistar rats (6-8 weeks old) were used. These animals Induction of systemic infection with Candida albicans in rat: Disseminated candidiasis infection was induced by intravenous (i.v.) injection of 0.2 mL of a 10 6 UFC/mL inoculum, prepared in sterile saline from a fresh 48 h Candida albicans culture to rats. Twenty-four hours after infection three animals were sacrificed to check the effectiveness of the infection by assessing the fungal load in the blood and kidneys. This in vivo study conformed to animal research: reporting in vivo experiment guideline for reporting animal study (ARRIVE).
Antifungal treatment: Infected rats distributed into five groups of 12 animals each were housed in cages and had access to food and water ad libitum. Extract at the doses of 0.5, 1 and 2 g/kg of bw, were administered i.v. over three consecutive days, starting 24 h after infection. Two control groups were used; untreated control received distilled water and a positive control group treated with reference antifungal drug nystatin at 10 mg/kg of bw.
Determination of viable yeasts in organ samples: Twenty-four hours after the first, second and third treatment (at days 2, 3 and 4 of infection) three animals in each group were sacrificed by cervical dislocation; blood and organ samples were collected from each rat. Kidney tissues were homogenized in 5 mL of sterile saline, and then serially diluted. Blood samples were also serially diluted. 0.1 mL of each dilution was plated onto SDA containing chloramphenicol, incubated for 24 h at 37°C and the number of fungal colony were counted. The lower limit of detection was 100 cfu/mL. The results were expressed as log of the mean number of cfu/g of tissue per three animals.
Statistical analysis
One way analysis of variance was used to analyze the fungal load in animal tissues between each treatment group and the control group. When there were differences between groups, the means were compared using the Student-Newman-Keuls test at a 5%. Results are expressed as mean ± standard deviation. All data were analyzed using SPSS Statistics 17.0.2.
Results and discussion
In vitro antifungal activity: Spices have been used for generations by humans as food and to treat ailments. As depicted in Table 1 , spices used in this study are used traditionally in the treatment of a wide range of diseases. Many studies have confirmed their role in health maintenance and promotion, but the major challenge is to provide scientific evidence [7] . Therefore, the in vitro and in vivo antifungal potentials of 23 extracts from spices used in Cameroonian dietary were investigated.
The results of in vitro antifungal assay (MIC and MBC) are presented in Table 2 . The results indicated that all the extracts demonstrated both fungistatic and fungicidal activities with the minimum inhibitory concentration ranging from 0.048 to 6.25 mg/mL and the minimum fungicidal concentration ranging from 0.19 to 6.25 mg/mL. Each of the extract tested in the present study displayed antifungal activity on at least one of the 8 pathogen yeasts tested. However differences were observed between antifungal activities as most of the tested plant extracts exerted a broad antifungal spectrum. These variations in antifungal activity could be due to the differences in the chemical composition of these spices as the secondary metabolites of plants have many effects including antimicrobial properties [31] . In addition, the activity of the plant extract could be influenced by the nature of the plant material or its origin as well as the climatic conditions in which plant grow, the plant part used, or the solvent used for extraction, because plants have different constituents depending on those factors [32] .
Antimicrobial activity of plant extracts are routinely classified on the basis of susceptibility tests that produce MIC in the range of 100 to 1000 μg/mL [33] . The activity is considered to be significant if MIC values are below 100 μg/mL for crude extract and moderate when the MICs vary from 100 to 625 μg/mL [15, 32] . Seven extracts (30%) inhibited the growth of 6 studied yeasts from significant to moderated extent while other extracts exhibited weak activities. These results are supported by previous studies reporting that the commonly used herbs and spices possess antimicrobial properties that, in some cases, can be used therapeutically [8] . Considering the fact that the spices tested are used as food ingredients with limited toxicity, the overall activity recorded with several extracts, especially those of A. citratum (leaves), D. glomerata, D. psilirus, F. macrophylla and P. capense, could be considered important. The best activity was observed with the extract from O. subscorpioidea fruits showing significant to moderate activity against five out of the eight opportunistic yeast strains tested, with a particular strong effectiveness against Candida albicans and Candida tropicalis (MIC of 0.097 mg/mL and 0.048 mg/mL respectively). The extracts from C. zeylanicum leaves also showed significant activity against Candida tropicalis (MIC of 0.097 mg/mL). High antimicrobial activities of C. zeylanicum against clinical strains of C. albicans from nosocomial infections were previously reported [34] . Qualitative phytochemical analysis of O. subscorpioidea and C. zeylanicum revealed the presence of alkaloids, anthraquinones, phenols, flavonoids, tannins and triterpernes which could contribute to the observed antifungal activities [35] . Many of the phytonutrients found in spices act as potent preventive agents against microbial diseases. It is generally found that plants containing diverse classes of chemicals are of superior biological activities [11] . Thus, it may also be deduced that the higher the diversity and the quantity of these chemical classes a plant may contain, the stronger and broader the spectrum of biological activities the plant molecules may exhibit [36] .
Among the eight pathogenic yeasts tested C. albicans and Candida tropicalis were the most sensitive to the extracts, while C. krusei and C. glabrata were the most resistant. Since C. albicans is the most prevalent pathogen in systemic fungal infections [3] and being the most susceptible to O. subscorpioidea extract (MIC of 0.097 mg/mL) in vitro, the in vivo therapeutic effect of O. subscorpioidea extract was evaluated on systemic infection induced with C. albicans in rats.
In vivo antifungal activity: The intravenous challenge model was used to study invasive Candida infection. Yeast cells were injected directly into the blood stream through the lateral tail vein [37] . In this model, which is similar to human invasive infection occurring with catheter involvement, fungal cells are found in all organs, but disease progresses mostly in the kidneys and brain. It is well known that the kidney is the primary target organ in systemic candidiasis; it is the major organ in which the multiplication of Candida occurs [38] . Therefore, the in vivo activity of extract from O. subscorpioidea was evaluated in experimental systemic candidiasis with C. albicans in rats, by estimating the fungal burden in this organ as well as in blood. The results on the estimated number of viable C. albicans cells in blood and kidneys from animals that were infected intravenously with 1×10 6 cells/mL and treated for three consecutive days with saline, extract (0.5, 1 and 2 g/kg of bw) are shown in Figures 1. The administration of the extract caused a reduction of the fungal load after 24 h both in the blood and in kidneys of infected rats compare to untreated control. A significant difference was observed (p < 0.05) in the decrease of fungal load in blood at 2 g/mg of bw with respect to the control ( Figure 1A ). At this extract concentration, the number of cfu/mL in blood dropped below the detection limit within 72 h, while the control (nystatin) showed similar effect within 48 h. This result suggests that C. albicans cells intravenously injected were rapidly cleared from the blood. The rapid disappearance of C. albicans from the blood observed could be attributed to the combined killing effect of extract or nystatin and the immune system cells. Our findings are in agreement with those of Robert et al. [39] , who reported that after injection into the lateral tail veins of mice, the rate of clearance of C. albicans from the bloodstream was high, leading to the disappearance of 97% of the inoculated cells within the first minute. It should also be noted that this observation could be explained further by the fact that some of the C. albicans cells moved into the deep organs like the kidneys, being the primary target organ in systemic candidiasis where the multiplication of C. albicans occurs [38] . As shown in Figure 1B , compared to untreated infected animals, extract reduced the level of fungal load in kidneys during treatment. After 3 days of treatment with extract each of the test doses modestly reduced the growth of fungi in the kidney. At the highest dose (2 g/kg of bw), reduction in the log of cfu/g in the kidney was more pronounced compared to the lower doses. Although the reduction was not statistically significant, the result obtained is important when compared to those obtained with nystatin. Nevertheless, it is noteworthy that the result obtained could be considered as significant bearing in mind that C. albicans survival in the kidney plays a primary role in mortality in patients with disseminated candidiasis [40] . Our results revealed that extract from O. subscorpioidea displayed an inhibitory effect on fungal proliferation in vivo. To the best of our knowledge, the in vivo antifungal properties of spices are herein reported for the first time. Therefore, a subject for future investigation with a possible prolongation of the period of treatment to 7 or 14 days to more accurately define the preclinical significance of the in vivo data herein observed.
The overall results obtained revealed that, extract from spices in this study possess inhibitory effect on the growth of pathogenic yeast. Olax subscorpioidea showed the most promising activity in vitro and exerted interesting anti-Candida effect against systemic candidiasis in rat model. These findings emphasize the evidence that increasing our intake in spices could be an alternative to prevention of infections from opportunistic fungal yeast pathogens. Animals were infected intravenously with 10 6 cells/mL(Candida albicans) and were treated for three consecutive days with saline, extract (0.5, 1 and 2 g/kg of bw) and nystatin (10 mg/kg of bw). The fungal burden was assessed by determining the number of cfu.
